Summary. Ovaries of lactating grey seals, which had been shot, were measured to obtain the size of each follicle and corpus luteum. Plasma samples were collected by temporarily immobilizing lactating females. The single corpus luteum regressed rapidly after pupping and circulating progesterone levels declined at parturition and remained low throughout most of lactation. A single wave of follicular growth began about the time of parturition and gave rise to a single mature follicle towards the end of lactation. This coincided with high plasma oestradiol-17\g=b\ concentrations and behavioural oestrus. A corpus luteum inhibited follicular growth in the ipsilateral ovary. The concentration of plasma progesterone increased in some seals late in lactation, indicating that ovulation sometimes occurred before the end of lactation. This was confirmed by observation of ovaries from shot seals.
Introduction
Reproduction in grey seals is highly seasonal. Parturition, which takes place in autumn on the coast of Britain, occurs in colonies located on isolated islands. Gestation, which lasts about 350 days, includes a period of embryonic diapause of about 150 days (Hewer & Backhouse, 1968) . Oestrus and mating occur 14-18 days after parturition (Boness & James, 1979) . Weaning of the single pup is marked by a sudden change from normal maternal behaviour (Fogden, 1971;  Anderson, Burton & Summers, 1975) to complete desertion of the pup after oestrus. The survival of the pup will be dependent upon the level of maternal care received during lactation and is proportional to the length of lactation (Fedak & Anderson, 1982) . Female grey seals which give birth and fail to lactate leave the pupping colony within a few days and are not mated before leaving. There is therefore no observational evidence to suggest that the timing of oestrus is dependent upon the success or failure of lactation.
In this study the pattern of follicle development in the ovaries of lactating grey seals was investigated to determine whether the occurrence of lactation is inhibitory to follicle growth and ovulation. An experimental approach was not possible due to the paucity of captive experimental animals and the inherent difficulties of working on free-living grey seals. As a result, this study relies on observational data. (Abraham, 1975) . Plasma (1 ml) was extracted with 6 volumes of peroxide-free diethyl ether and separated into two fractions on celite columns using spectrosol iso-octane as the solvent. Ethyl acetate was used to adjust the solvent polarity to give one fraction containing progesterone and the other oestrone and oestradiol-17ß. Labelled steroid applied directly to the column was recovered as 98-4 ± 2-9% progesterone, 90-4 ± 3-2% oestrone and 80-5 + 3-0% oestradiol-17ß. Extracts of seal plasma with added labelled steroid gave recoveries after chromatography of 87-6 ± 1-6% for progesterone, 46-0 ± 1-8% for oestrone and 42-8 ± 2-2% for oestradiol-17ß. The results were corrected for these procedural losses. The progesterone fraction contained 16-7% of the oestrone and 1-0% of the oestradiol-17ß while the oestrogen fraction contained 3-0% of the progesterone. Extractions were not duplicated, but each fraction was split and assayed in duplicate for the three steroids such that the concentration in the assay tube was equivalent to plasma extractions of 0-5 ml for progesterone, 0-2 ml for oestrone and 0-3 ml for oestradiol-17ß. ine assays were carried out for each steroid, the details of which are given in Table  1 . The cross-reactions for the progesterone antibody have been described by Sheldrick, Ricketts & Flint (1980) ; the major reactants were 11-deoxycorticosterone (4-0%), 5a-pregnanedione (2-0%) and pregnenolone (1-5%). The oestrone antibody (Steranti E001) cross-reacted mainly with oestradiol-17ß (0-5%), equilin (6-0%) and equilenin (3-0% Bolton et al. (1975) .
Results
Corpus luteum regression and follicle growth Each of the females sampled had a single CL. In all the seals examined, pregnancy had occurred in the uterine horn which was ipsilateral to the ovary containing the CL. In those individuals sampled at a known time from parturition, the CL declined in size during lactation (Text- fig. la ).
The reduction in CL size was accompanied by a loss of vascularity and fibrosis of the gland. The apparent linearity of a reciprocal transformation applied to the CL diameter with time from parturition (Text- fig. lb ) shows that the regression followed a hyperbolic relationship (Sokal & Rohlf, 1981 Using the size of the CL to estimate the stage of lactation in the whole sample of 249 females, the diameter of the largest follicle in the ovary containing the CL was not as great as the diameter of the largest follicle in the contralateral ovary at any stage of lactation (Text- fig. 2 ). The CL in each seal was placed in one of 12 size classes, each one of which represented an increment of 1 mm in the mean diameter of the CL. There was no clear increase or decrease in the diameter of the largest follicle in the ovary containing the CL. The size of the largest follicle in the opposite ovary increased continuously from early in lactation to reach a mean diameter of 13-16 mm towards the end. The presence of a CL in an ovary appeared directly or indirectly to influence follicular growth and development. Days from parturition (Text-fig. 3 ). The frequency of follicles of size class 2 (6-9 mm) increased to a maximum during the first half of lactation and declined to about 2 follicles per ovary in the later stages. There was little discernible pattern in the frequency of follicles in size class 3 (9-12 mm) but follicles of size class 4 (12-15 mm) increased in frequency during the first half of lactation and were also fairly abundant (0-5 follicles/ovary) for much of the second half, although there was a slight decline very late in lactation. Follicles in size class 5 (> 15 mm) increased in frequency from early in lactation to an average of 0-6-0-8/ovary towards the end. The divisions between the follicle size classes were empirical and by combining size classes 4 and 5 females had on average just over one follicle > 12 mm in diameter throughout the final third of lactation. These data show that there was a single Text- fig. 3 . The mean numbers of follicles ( + 1 s.e.m.) of different size classes in each ovary as a function of the reciprocal CL diameter. Sample sizes are the same as those given in Text- fig. 2 . wave of follicular growth during lactation, ensuring that there was at least one mature follicle in an ovary towards the end of lactation.
The frequency of follicles in each size class was lower in the ovary with the CL than in the contralateral ovary (Text-fig. 3 ). There was no equivalent increase in the frequency of small follicles early in lactation in this ovary as was observed in the ovary not having the CL, indicating that there was a high rate of atresia during the early phase of follicle growth or fewer follicles were reactivated in the ovary with the CL.
While there was no certain method of distinguishing healthy and atretic follicles in macroscopic section, histological examination of some ovaries suggested that once a follicle became atretic it involuted rapidly. Relatively few stages of atresia between the healthy stage and the scar of the follicle were observed, suggesting that these stages were passed through relatively rapidly. Hence, few of the counted follicles would have been atretic.
Plasma steroids
Plasma samples taken from free-living grey seals showed that females had a high concentration of plasma oestradiol-17ß late in lactation which coincided with the time when the majority of females would be expected to be in oestrus. In samples obtained 15-18 days after parturition there were two clear groups; those in which the concentrations of progesterone were high and of oestradiol-17ß low, and the others in which concentrations of progesterone were low and of oestradiol high (Text- fig. 4 ). The concentration of unconjugated oestrone remained low throughout lactation. 
Discussion
The CL of grey seals grows rapidly during the final few months of gestation (Boyd, 1982) . It is not known whether the CL is necessary for the maintenance of progesterone levels in late pregnancy, but declining plasma progesterone concentrations and the subsequent involution of the CL coincide with parturition. Laws (1956) also found that the CL of the southern elephant seal (Mirounga leonina) regressed rapidly during lactation. The influence of a regressing CL on follicular growth in the ipsilateral ovary indicates that ovulation is probably from alternate ovaries in consecutive years. Such an alternation appears to be common in pinnipeds (Laws, 1956; Craig, 1964; Oritsland, 1964; Harrison, 1964 (Boness & James, 1979 The high progesterone titre in some seals late in lactation correlates with the weaning of the pup and is taken to indicate that ovulation had already occurred in these females. A small number of seals in the sample from the Fame Islands had also ovulated. Considering that grey seals have an obligatory period of embryonic diapause (Hewer & Backhouse, 1968) , the high post-ovulatory progesterone titre is surprising. However, plasma taken from grey seals during diapause also showed that progesterone was elevated (4-6 ng/ml) throughout this period. In northern fur seals (Callorhinus ursinus), in which oestrus and mating occur within a few days of parturition and lactation may last several months (Craig, 1964; Gentry, 1981) , progesterone levels also remain low throughout lactation although most females are pregnant at this time (Daniel, 1975) . Therefore, progesterone levels are low in northern fur seals and grey seals throughout lactation but they only remain low throughout diapause in northern fur seals.
Suckling may have a negative feedback effect on gonadotrophin release and inhibit oestrus and ovulation to some extent, but the frequency or intensity of suckling does not decline towards the end of lactation (Fogden, 1971) . Therefore, it must be assumed that lactational inhibition of gonadotrophin release declines after a time or that no such inhibition exists and the timing of oestrus is independent of the occurrence of lactation. This may be a universal feature of all seals in the family Phocidae since the occurrence of a lactational oestrus is found in many species (Laws, 1956; Bums, 1970; Smith, 1973; Oritsland, 1975; Stewart & Lavigne, 1980 
